T EXAS CHILDREN'S HOSPITAL (TCH)
began investing in a picture archiving and communication system (PACS) in 1991. In 1996, the hospital's Edward B. Singleton Diagnostic Imaging Services embarked on a 5-year project to convert the department to filmless imaging. Although pioneers in PACS, when we began depending on the system for routine services, a number of issues arose among administrators, analysts, and users. Early efforts to provide informal and incidental training of department staff were largely ineffective. In 1999, the Performance Improvement Committee decided to design and implement a department-wide PACS training program. The primary goal of this training program was to educate all new and existing employees of the department about PACS, and to help PACS users integrate this new technology into their work environment. Texas Children's Hospital has been conducting essentially filmless imaging operations since October 30, 2000. We have a large-scale PACS consisting of 15 computed radiography (CR) units, 5 digital interfaces for fluoroscopy, 2 computed tomography (CT) scanners, 2 magnetic resonance (MR) imaging machines, 2 special interventions units, 8 ultrasound (US) units in an US niche-PACS, and 3 nuclear medicine (NM) systems in a NM niche-PACS. We upgraded to AGFA (Agfa Corporation, Ridgefield Park, NJ) IMPAX version 4.1 during the first quarter of 2003.
The image display subsystem of our PACS includes 48 IMPAX work stations that support 15 clinical services, and Web-based viewers that support another 32 clinical services. We have an Oracle database (Oracle version 8) that manages the images, and four archive servers for long-term storage (two primary servers with Optical Disk Jukeboxes (ODJ), one redundant service that manages a tape library, and one server that is inactive because of software and hardware changes). A radiology information system (RIS; IDXrad version 9.7.1) provides the demographic and exam information. A voice recognition system (AGFA TalkTechnology version 2.1) was installed in November 2001. The TCH PACS also includes laser film digitizers and laser film printers and dry process laser printers for generating hard copies.
EVALUATION
The Performance Improvement Committee recognized the need to identify and address common PACS problems as this new technology continued to grow extensively into the daily workflow of every employee in the department. Miscommunication was common between ''those PACS people'' and the PACS users. Inconsistencies in the use of nomenclature interfered with service operations, increasing the ''ownership problem'' for responsibilities. For example, does the term ''film processor'' refer to a laser printer or a digitizer? Is a ''digitizer'' a film digitizer or a CR scanner? PACS processes, protocols, and downtime procedures were inadequately documented. ''Nobody can use PACS!'' was a common phrase around the department.
Several meetings were organized to include representation from every area in the department. Representation included the team leaders of each imaging modality, the department's quality control coordinator, a film librarian, and a radiologist to represent the medical staff of the department, the Film Library, RIS, and PACS.
In the course of identifying and addressing common PACS problems, a process for documenting PACS processes, protocols, and downtime procedures was developed. A glossary or lexicon of PACS terms was generated. Frequently asked PACS questions were addressed: e.g., ''What does PACS mean?'' ''Who do we call when we have a problem with this new equipment?'' ''How long do images stay in PACS?'' These ideas were organized and broken into several modules that were developed and eventually incorporated into a PACS Training Manual. A plan was designed for all employees of the department to participate in a PACS training session. The goals of the training sessions were to promote better communication between PACS administrators and the PACS users, as well as to allow the new and existing employees to bring back information from these PACS training sessions to their own work areas. The ultimate goals were to improve PACS performance and PACS customer service to assisting in fulfilling the department's goals of producing quality filmless images, as well as promoting excellent patient care.
The PACS Modules Training Session is a 2-hour session and the main content is basic PACS knowledge applicable to the diagnostic imaging services of TCH. It is presented and moderated by the Application Trainer of the department. The session is mandatory for all new and current employees of the department. Each attendee receives copy of the PACS Training Manual. A representative from the PACS team is present in each session, and addresses questions or clarifications. After each session, everyone who attended is awarded 2 Category A Continuing Education (CE) credits.
PACS TRAINING SESSION FORMAT Ice Breaker and Definitions
To begin the training session, participants play a short game that involves unscrambling PACS terms (Fig. 1) . A definition of PACS is then given, followed by a general discussion. A 15-minute video is presented, which focuses on the 1999 SCAR (Society for Computer Applications in Radiology) conference hosted by TCH. It includes interviews with the department's Chief Radiologist and another radiologist as primary users of PACS, as they share the impact of PACS-newly installed at that time-on their workflow. This provides a historical perspective and an inspiring dimension to the material.
Pre-Assessment of the Material
After the video a short quiz is given to evaluate participant's knowledge of PACS terms (Fig 2) . In addition of allowing participants to consolidate their knowledge of PACS, this quiz assists the Department Trainer in assessing staff needs for PACS information as she continues to develop the program.
PACS Training Manual
The next step in each training session is distribution of PACS Training Manual. The various modules within the manual are then discussed:
1. Definitions of PACS terms (Fig 3) . An alphabetical list of variant terms provides definitions that include ways in which a word's meaning differs among employees. For example, the word ''archive'' for a PACS analyst versus ''archive'' for a technologist. 2. Equipment, and Quality Control Networks.
As an aid to understanding the network, this section includes a site diagram of PACS equipment at TCH (Fig 4) and a layout of the PACS equipment for each area and imaging modality, including PACS equipment at services and clinics outside the Diagnostic Imaging Department (Fig 5) . These site diagrams are followed by glossary of terms describing the function of each piece of PACS equipment. Quality control is of great importance in operating a successful PACS network. The next section of the manual lists quality control and preventive maintenance activities performed on each piece of PACS equipment and the staff member responsible for performing each activity. For example, acquisition processing is performed by the technologists on images, SMPTE patterns, etc (Fig 6) . 3. Service/Problem Solving and Communication. PACS administration has a customer service component that involves problem solving, image flow, and system protocols and communication. This section of their training manual refers to the portion on each equipment layout under ''List of Equipment and Networks'' the first call for problems with equipment in their area (Fig 5) . It includes a list of the various services a PACS analyst can provide (Fig 7) . The major function of PACS involves flow, retrieval, and archiving of images. This section provides the flowcharts for each imaging modality, depicting the movement of images from the time the patient arrives until each image has been archived in PACS and a copy becomes available at the image display workstations (Fig 8) .
The primary importance of protocols for the flow of images in PACS requires communication of who is responsible for each step in the process (Fig 9) .
Like the operating protocols, downtime procedures during a PACS planned and unplanned downtime need to be understood by all staff members whose work is affected by such activities.
The training manual concludes with a list of frequently asked questions about PACS, including numbers to call, who authorizes overtime for service calls, etc.
Role-Playing
To demonstrate the purpose and operation of the PACS Help Desk, role-playing between a PACS user and a PACS analyst illustrates a typical exchange. Typically, the scenario involves one of the common problems the PACS Help Desk is called upon to resolve. During this segment, clarifications of the reporting process for PACS problems are reiterated. 
Assessment of the Material
After the instructional aspects have been presented a short quiz is given to evaluate what the participant have learned. Like the opening quiz, this assists the Department Trainer to assess the effectiveness of the training session format of the class.
Scavenger Hunt
During the last segment of the training class, participants are asked to return to work and identify the PACS equipment located in their respective work areas. For the purposes of this ''scavenger hunt,'' each piece of PACS equipment in their area has been tagged with some kind of a label or code (i.e., animal shape). The employee fills out a form, writing down the name of the PACS equipment that corresponds to each code. When the participant returns this form to the application trainer, the course requirements have been met and the 2 CE credits are awarded with a signed certificate of completion.
DISCUSSION
Earlier training efforts that were strictly PACS initiatives were largely disregarded by the rest of the imaging department. The team approach to compiling and documenting the PACS training modules generated a sense of ownership in PACS among department staff that was previously lacking. Working in committee made it possible for each area representative to provide personal experiences and feedback regarding PACS. By brainstorming, ideas began to evolve which resulted in a detailed training program. The program would be designed not only to provide information but also to allow the trainees to act as participants. Each session is directed by the Application Trainer, who serves as facilitator, but the Team Leaders and a designated PACS Analyst attend each meeting to respond to any questions or concerns voiced by participants. One of the goals of the training program is to allow open communication among all areas, which is achieved through role-playing, which can lead to sharing aspects of PACS that may not be known to everyone. Also, we would like staff to be able to walk away feeling comfortable to orient new employees in their respective work areas with the role of PACS in their workflow.
In the process of developing this training session, we found that our original program was based on a ''train-the-trainer'' approach, 1, 2 and incidental training was inadequate; we continued to encounter major communication difficulties between users and analysts.
3,4 Users were still largely ignorant of PACS workflow and analysts were generally ignorant of examination workflow. 5 We had been planning comprehensive training as an orientation for new personnel, and so decided to expand that training program to include existing Diagnostic Imaging personnel.
Several positive comments and constructive results came from the implementation of this department-wide education program. The roleplaying between the PACS team and PACS users during the sessions was quite helpful in ironing out the procedures for handling requests called into the PACS Help Desk. Some users have said that they feel less intimated by PACS, and others said, ''I did not know PACS that well after all!'' The sessions allowed them to hear that staff from other areas in the department were encountering similar problems. It also provided an opportunity to learn the PACS equipment used in other areas for different functions. Having a copy of the Training Manual gave each participant an excellent resource for answers to their common PACS questions. Participants also appreciate the presence of a member of the PACS team at every training session. Most people walked away satisfied that the session had been generally helpful and beneficial.
This PACS training program has proven beneficial for both current staff and incoming staff in understanding the level of PACS knowledge required in each of their positions. It has also served to familiarize staff with the variety of services the PACS team offers the department and the rest of hospital, and to appreciate those services. Participants also report improved understanding of the process of submitting PACS issues or trouble calls to a PACS analyst. The level of training provided has also assisted the PACS administrators in handling work requests, and it has facilitated communication with the rest of the department.
For new employees, implementing the mandatory PACS training program complements the PACS orientation specified on their competency check list for each work area.
One of the major challenges we encountered in this undertaking is maintaining current information in the training manual. Thing change with major expansions and renovations, PACS hardware upgrades, or new or updated policies and procedures. The PACS administrators and the department's Application Trainer work closely and remind each other constantly of updates that need to be included in the training manual.
We are considering expanding this program to include conducting mock PACS downtimes, conducting extensive role-playing between the PACS team and PACS users (possibly by area), continuing to gather results and feedback from the training evaluations, and continually implementing improvements noted from this program.
CONCLUSIONS
The Texas Children's Hospital has found that formal training in basic PACS terminology and operations is essential for all personnel in the filmless diagnostic imaging department. This fundamental training is not provided by PACS vendors, and must be tailored to the individual institution's structure and organization. Developing this training program has had an immediate beneficial effect by defining and documenting local PACS procedures, by pro- moting a common vocabulary for communications, and by creating a sense of ownership of PACS among department personnel.
